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Qutline
@ String theory and all Ethat..
o Extra U(1)s in D-brane constructions
o CDr &Mom&i.j
o Z' harbingers of Low mass strings
o Reqgge recurrences m dijet signals
o Photons and gluocns as quiver neighbors

o LHC dis«t‘overv reach of low mass strings

8 Conclusions
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TeV Scale Superstrings

> Superstring theory was born as a theory of Planck scale
or just below the Planck scale
> Large scale compactification and D-brane constructs decouple

the Planck scale from the s!:rms scate bj

Lv\!:ro dwr:t.\«\g another

‘ AZ"DZ ‘FLB 436 (1992’) RE7
p= 3+d/ ) -dimensional brane

3-dimensional brane open string

closed string

a.’ [

Minkowski 3+1 dimensions

m Courtesy of Ignatios Antoniadis
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Intersecting D-brane Models

o Basic unit of gauge ihvariance for oriented string constructions
is aU(1) field = one can stack up N identical D-branes
to generate a U(N)theory with associated U(N) gauge group

® In presence of orientifolds m open strings become (in general)
non oriented allowing for SO(N) and Sp(l) gauge group factors

o Grauqge bosons (and associated gauginos in a SUSY model)
arise from strings kterminating on one stack of D-branes

o Chiral matter fields are due to strings strebching between
inkersecting D-branes (from different stacks)

o Cownsider scattering processes which talkee F:Louca on color U (3)0
stack of D-branes which is intersected by Sp(1);, (wealk doublet)
stack of D-branes and U(1)g stack of D-brane

o Lepton U(1)L stack completes our minimal model

Blumenhagen, Kors, Liist, & Otk Nucl, Phys. B 616 (Roo1) 3
Blumenhagen, Kors, List & Stieberqger, ‘Phjs. QQFES. 448 (2007) 1
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Pictorial f&eprmem&aﬁmn
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Cremwades, Ibanez, Marchesano, JHEP 0307 (2003) 03%¥
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Quankum Numwbers

chiral fermions and Higqgs doublek

Q
h<

Name | Representation Q3 Q11 Qigr
(3,2)

Wi -

W

B-L anomaly free right-handed nus must exist

Bonus » in $lavor’ space charges are orthogonal

Monday, August 29, 2011



Running of abelian gauge couplings

Covariant derivative forU(1) {Letds X canomwati.v normalized

Relations bebween — U (1) soup-isms g@ are left open for now

\non-abelian g touh&erparés
Carry out an orthogonal transformation of fields X, = D0 Y]
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Running of abelian gauge couplings (contd)
Take charges as vectors with components Labeled by particles

Should charqges be orthogonal Z QipQrp =0 for i £k
p

T~ S = — — —— — ——

Orthogonality of rokation moakrix M E:O,?1 =k
( : , . —

2 ? |

9y () = 1]

~\ 9

needs ko s%oqj tnkack
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Running of abelian qauqe couplings (contd)

One loop corrections to various couplings are

[ 1 N 1 bY ( 1 _ 1 bz 1 R N
@ a® Y Al (@)~ an(h) 2m M@A)
' b _gTrQQ —I—lTrQ2 2T 1T

wikh | Oy = 3 Y,f 3 Y,s b; g Ir f -+ 5 I

Recall charges are orthogonal w Y normalization E,mpi.i;es

[ESjQ%,Szgc%;QiSJ T[ij@%,fz;cg;@ﬂ
[by:;cﬁbq '

RG-induced change on P

4 )

AP = A(%) ZCAGZ)

1

— ;ﬂ <by > c bz-> In(Q/A)

z Y,
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Has CDF data Fier(:@.d SM’s resistant armor?

[
—=— Bkg Sub Data (4.3 fb")| |

I

—1
o)
o

—»— Bkg Sub Data (4.3 fb'')

Gaussian

WW+W2Z (all bkg syst.)

—
o
o

— WW+WZ

Events/(8 GeV/c?)
Events/(8 GeV/c?)

o)
o

\ | \
200
M; [GeV/c®

> Excess TV 4 produa&om
> For search window = 120 GeV < M;; < 200 GeV
excess significance above SM backqround 3.20
(ncluding systematic uncertainties)
CDF Collaboration, Phys. Rew. Lett. 106 (2011) 171%01
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2 - —e— Data - Bkgd
BkIStI>D | (7I3fb') it - — Bkgd £ 1 s.d.
—— Bkg Sub Data (7.3 fb’’ :
B Diboson
| - Gaussian (4 pb)
7 WW+WZ (all bkg syst.) L N 145 Gchcl
' : 1

Gaussian

P(x2) = 0.526

. 2

L
_50—-—1 P SR N B O TR e YRR U (B 0 Rk [T TILY MY Y Vol SO RN USY Na

| 0 50 100 150 200 250 300 |
Mﬂ [(fe\f/cl | . | -— ~ Dijet Mass [(EeY/czl |
http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7 3.html
Do Collaboration, Phys. Rev. Lett. 107 (2011) o11¥04

LHC will ave.m%uaii.v weigh th on this issue:

If new Ekjsws Ls rﬁspomsibie. for CDF anomaly e W9 stghal

should become statistically significant by end of this year

Buckley, Hooper, Kopp, Martin, Neil, arXiv:1107.5799
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http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html
http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html

U(1) gauqge interactions

Covartank derivative reads

’ = 0, zgg C, Qs —

{uetds B are re.ta&ec& to Y, Y Y ¢ bv E’u.ter makrix
l CoCy —CsSy+S586Cy  SsSy + CySaCy
O = C@S¢ C¢C¢ + S(bSQSw —S¢C¢ + C¢SQS¢ 1

Sy S,Cy CsCo

D,u — au _ ZY,u (_SeginR - CHSngLQlL + CHCQL'.QQ/%QB)
i Qun - (€l t $05050) 04Qus + (CuoSo— CuSs |
= inj’ CyoCrg1Q1r + (— C’¢S¢ + CyS0Sy) 94Q1L + (C¢C¢SG + S¢Sy ) 93@3] |

e — — === = e — ——
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Orthogonal Transformation

® ‘bﬁmavxding that Y, is amomatv ﬂfree.

we sek 01:1/2 03:1/6 642—1/2

o First column of rotation makrix O is fixed

S—— = =
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Wjj production rate
i — : -
§m zf: <€fmewa i EwafRV”wa Z

Z ((QY’QY’)fL QZfL/V'uwa + (gY’QY’)wafR/V'UwaR> Z,l/L

o(pp = WZ') x BR(Z' — jj) ~ [0.719 (e + €2 ) +5.083 €y, €q, | X T(d, 1) 2/—qq PD

Hewelt & Rizzo arXiv:1106,0294
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Counting degrees of freedom upper Limit

orthogonality condition

g5 fixed by U(N) unification relation gs = g5/ 6
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Precision Elecktroweale Limiks

s Additional mixing of Z and Y'through their coupling to
two Higqs doublets

(Hy) = (vu) Oz = Qi =V Oy = 19
<Hd> — (Ud) G007y a0 p —=2RRE Ol — 1] /)

¢ Covariant derivative D

LS «to%v&hie&f\ﬂj wriktkten as Ay M ZY/ Z-yHi szl/
for each H;

Huz—l’Hd—19\/g — (.082 54

yr, = —ym, = 1.9 /g1 — 0.032 Cy

23



Precision Electrowealk Limiks (contd)

o Higqs field kinetic term toqgether with Green-Schwarz

mass terms —lM’ZY’Y’M L EM”QY”Y”“
2 H 2 1z

yield following mass square makrix

LH, — LH —0.301
YH, = T Yiees— 0.151
mass2 matrix independent of tan



Besk Evebau Fik

Free parameters are fixed by requiring shift of Z mass to Lies

within 1o of éXpQTiMEM&&L value +1'7/ o+ .- /FZ”—>qq - 1%
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Lep&ophmbw 7' ok Ehe LHC

1f CpF anomaly does not survive additional scruting

previous analysis can be di,recﬁj apptied to high energy realm

Duplicating calculation nfm' LHC energies

MZ’ 1T€V Mo > 2My,

T —
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Dijet & Dilepton Mass Spectra

CMS Collaboration
arXiv.1107.4771
(pre—cut) Z' signal
v LHC7

*k LHC14

X

X
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ATLAS Collaboration
arXiv.1108.1582
(pre—cut) 7' signal |
v LHC/
x LHC14

X
X




Model independence on color stack

e Particles created by vibrations of relativistic strings
populate Reqqe trajectories relating their spins and masses

o Saa&&erim on U(3) brane: avolves quarks and gluowns

4-point functions 99 — 99, 99 — 99, 99 — 49
do not excite KK or winding modes only Regge recurrences
independent of compactification

o Not so for qq — qq (KK/winding modes involved)
List, Stieberger, Taylor, NPB goF (2009) 1

o Go to lowest massive resonant poles at s = M 52
bosownic g Al (2
fermionic ¢, J =1/2,3/2

o Soften to Breit-Wigner
obtaining widths bj factorizing amgti&ud@:s at the pole
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summary of string-signal & QCD-background calculations
[arXiv:110%.. tonight on hepngk]
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Conclusions
o We have considered a low-mass string tampa\c:&i,&ca&mn i which
SM gauge mulkiplets originate in open strings ending on D-branes
o Model contains three U(1)gauge bosons
® One linear combination is identified as hypercharge Y field
= coupled to anomaly free hypercharge current
e Two remaining Llinear combinations (Yla YN) grow masses
o After electroweals breaking  mixing with third isospin
component resulks in three observable gauge bosons
w where with small mixing Z' ~Y' 72" ~Y"
o For a fixed Mz mw model contains two free parameters

-a sthgle mixing angle and a gauge coupling constant
unconstrained bj daka~ which are chosen ko explain CDF excess

o Sizeable cross sections for lowest massive Reqqe recurrences
allow LHC14 discovery at o0 for string scales as high as
M, =6.8TeV with 100fbt — dijet topology --

o 7+ jet can provide corroboration for TeV-scale string physics



